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Summary Vascular imaging of carotid and vertebral arteries may not be sufﬁcient to evaluate
the patients with stroke and other cerebrovascular disorders. Cerebral blood ﬂow measurement
can add information to increase the accuracy in diagnosis, assessment, and plan of management
in these patients. There are many noninvasive quantitative methods to measure cerebral blood
ﬂow including volume ﬂow rate measured by ultrasound. This article addresses mainly the dif-quantiﬁcation;
Quantitative ﬂow
measurement system;
Angle-independent
ferent ultrasound techniques to measure cerebral blood ﬂow. Clinical applications, volume ﬂow
rate in normal and abnormal conditions with a case example, and advantage and disadvantage
of the ultrasound techniques are also described.
© 2012 Elsevier GmbH.
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Introduction
Vascular imaging of carotid and vertebral arteries may not
be sufﬁcient to evaluate the patients with stroke and other
cerebrovascular disorders. Cerebral blood ﬂow (CBF) mea-
surement can add information to increase the accuracy in
diagnosis, assessment, and plan of management in these
patients.
Methods for measurement of cerebral blood
ﬂow
There are many noninvasive quantitative methods to
measure CBF including stable xenon-enhanced computed
tomography, single-photon emission computed tomogra-
phy, positron-emission tomography, and magnetic resonance
imaging. These methods are reliable and accurate for CBF
measurement. However, they are rather expensive and
requiring to transfer patients to the imaging or radio-nuclei
facility which may be a limitation in the critical ill, sedated,
or ventilated patients [1].
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Open access under CC BY-NC-ND license.olume ﬂow rate measurement by ultrasound
everal ultrasound methods have been used to measure vol-
me ﬂow rate (VFR) of CBF such as Doppler method [2], color
elocity imaging quantiﬁcation (CVIQ) [3], quantitative ﬂow
easurement system (QFM) [4,5], and angle-independent
oppler technique by QuantixND system [6]. The common
arotid artery (CCA) is quite accessible and reliable to mea-
ure VFR, whereas it is more difﬁcult to obtain reliable VFR
n the internal carotid artery (ICA) or vertebral artery (VA)
ue to the deeper vessels. VFR measurements are usually
btained at 1.5—2.0 cm below carotid bifurcation in CCA,
—2 cm above carotid bifurcation in ICA, and between the
th and 5th cervical vertebra in the inter-osseous segment
f VA using high-resolution linear probe with pulsed Doppler
maging [7].
oppler method
oppler method can estimate VFR at a speciﬁc point in a
essel by multiplying the ﬂow velocity with cross-sectional
umen diameter at that speciﬁc point in time (Fig. 1).
owever, Doppler method does not provide a proﬁle of
nstantaneous peak velocities across the entire vessel and
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Figure 1 VFR measurements using Doppler method in CCA (A),
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Figure 2 VFR measurement using CVIQ in CCA with the opti-
mal color box across the entire lumen in M-mode display (A)
and synchronous instantaneous peak velocities across the ﬂow
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aCA (B), and VA (C) with large sample volumes across the entire
essel lumens.
annot adjust for changes in the ﬂow lumen throughout the
ardiac cycle.
olor velocity imaging quantiﬁcation
VIQ measures VFR by using time-domain processing with
olor velocity imaging combined with a synchronous M-mode
olor display to provide an instantaneous proﬁle of the peak
elocities across the ﬂow lumen as well as a continuous
stimate of the diameter of the ﬂow lumen throughout the
ardiac cycle (Fig. 2). By assuming a circular vessel and axial
ymmetrical ﬂow, CVIQ can be calculated automatically with
uilt-in software.uantitative ﬂow measurement system
FM is comprised of two components. One component uses
ne transducer with ultrasonic echo tracking to measure
t
t
H
humen (B).
ith permission from Professor Charles H. Tegeler.
essel diameter, and the other uses three transducers with
ontinuous Doppler independent of incident angles to mea-
ure absolute blood ﬂow velocity. QFM can be calculated
sing a vessel diameter in cross-sectional area and the abso-
ute blood ﬂow velocity.
ngle-independent Doppler technique by
uantixND system
uantixND system is an angle-independent Doppler tech-
ique which employs dual ultrasound beams within one
nsonating probe in a deﬁned angle to each other. The real
ime information is stored automatically and analyzed by
he computer.
FR measured by CVIQ and Doppler method
he mean values of VFR in 50 healthy subjects as mea-
ured by CVIQ and Doppler method are 340.9± 75.6 and
72.8± 152.9ml/min for CCA, 226.9± 65.0 and 316.2± 89.1
or ICA, and 92.2± 36.7 and 183.5± 90.8 for ECA, respec-
ively [2]. VFR is higher in male compared to those in female
nd decreasing with increasing age. Doppler method tends
o overestimate VFR and CVIQ seems to be more accurate
han Doppler method to measure the carotid artery VFR.
owever, CCA VFR measured by CVIQ and Doppler method
as no difference in 0-95% ICA stenosis but CCA VFR by
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jFigure 3 CCA VFR measured by Doppler method in a 46-year
ICA occlusion (A) and normal left ICA (B) with right CCA VFR of
Doppler method is higher than that measured by CVIQ in
95—100% ICA stenosis [8].
Clinical applications
VFR measurement can be useful for grading carotid stenosis
especially with coexisting contra-lateral carotid stenosis or
occlusion to avoid overestimation of degree stenosis by using
only ﬂow velocity criteria, evaluating collateral ﬂow and
cerebrovascular reserve, identiﬁcation of feeders and use
as follow-up study in intra-cranial arteriovenous malforma-
tion, quantiﬁcation of hemodynamic changes in subclavian
steal syndrome, assessment of vasospasm in subarachnoid
hemorrhage, and monitoring of CBF before and after carotid
endarterectomy [9,10]. In addition, there is a direct corre-
lation between middle cerebral artery mean ﬂow velocity
(MCA Vm), CCA VFR, and end-expiratory CO2 in normal sub-
jects. The MCA Vm and CCA VFR increase 6.1% and 5.3% per
mmHg increase in end-expiratory CO2, respectively, and the
MCA Vm increases 0.3 cm/s for each 1ml/min increase in
CCA VFR [11]. Therefore, measurement of CCA VFR changes
during CO2 inhalation may be an alternative method to mea-
sure cerebral vasoreactivity in the patients with inadequate
temporal windows.
VFR in carotid stenosisCCA VFR measured by Doppler method and CVI-Q at
different degree of carotid stenosis are 359± 130 and
337± 96ml/min, respectively, for the individuals without
ICA stenosis, 310± 99 and 293± 133ml/min for 50—75%
Rmale with right ICA occlusion. Color ﬂow imaging shows right
l/min (C), and left CCA VFR of 493ml/min (D).
CA stenosis, 347± 80 and 195± 131ml/min for 75—95%
CA stenosis, 152± 36 and 63± 25ml/min for 95—99% ICA
tenosis, and 125± 47 and 58± 22ml/min for ICA occlusion
8]. The reduction of ipsilateral CCA VFR is present in the
atients with severe ICA stenosis of 75—99% or ICA occlusion
s shown in Fig. 3.
onclusions
hen comparing with other brain perfusion imaging tech-
iques, VFR obtained with ultrasound does not provide
alues for each brain region, but represents only one value
or each supplying vessel [10]. It may be limited by oper-
tor dependent, extra examination time, requirement for
atient cooperation, extensive plaque formation, turbulent
ow, and tortuous and asymmetrical vessels. Nevertheless,
FR measured by ultrasound is still the easiest, feasible,
oninvasive, and repeatable bedside examination with no
xposure to contrast media or radiation.
ppendix A. Supplementary data
upplementary data associated with this article can be
ound, in the online version, at http://dx.doi.org/10.1016/
.permed.2012.03.008.eferences
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